The purpose of this study was to examine consumer perceptions of 3D-printed apparel and 3D-printers, in terms of (1) advantages, (2) concerns, and (3) purchasing. Thirteen respondents participated in the structured in-depth interviews. A phenomenological interpretation method was used to analyse the data. The results indicated that for 3D-printed apparel, participants were more interested in accessories than clothing; unlike previous studies' proposals, 3D-printed apparel may be not sustainable and cheap; and the advantages (e.g. customisation and fit) were not the main reasons for buying, but the concerns (e.g. not comfortable and not ease of movement) were the dominant reasons for not buying. For 3D-printers, consumers mostly perceived advantages. The advantages (e.g. convenient, fast, and good for consumer, small business, and co-design) influenced their purchase intentions.
Introduction
3D-printed apparel is created by 3D-printing and it includes several steps: create a 3D model in software, slice the model into a series of 2D slices, and then layer-by-layer print the series of 2D slices into a three dimensional product (Perry, 2016; Valtas & Sun, 2016) . Apparel retailers and designers have been using 3D-printers to create prototypes, customised products, and artistic pieces (Vanderploeg, Lee, & Mamp, 2016) , for example, 3D-printed bikinis, shoes, dresses, and accessories (e.g. sunglasses, watches, jewellery) (Mpofu, Mawere, & Mukosera, 2014) . 3D-printed apparel is expected to be the future of fashion: it has opened new borders to create fashion designs, allows designers to explore previously unavailable technical limits, and give consumers chances to make exactly what they want to have (Kuhn & Minuzzi, 2015; Tarmy, 2016) . Therefore, as 3D-printer technology is adopted by more apparel companies and consumers, it has the potential to significantly change consumer lives and the apparel market (Tarmy, 2016) .
However, no study has yet investigated how consumers perceive 3D-printed apparel or 3D-printer, even though understanding consumers is the prime objective of all businesses (Murali, Pugazhendhi, & Muralidharan, 2016) . Most studies of 3D-printed apparel are review studies (e.g. Kuhn & Minuzzi, 2015; Parker, 2016; Yap & Yeong, 2014) or online news articles (e.g. Mau, 2013; Tarmy, 2016) . Similarly, most studies of 3D-printer have focused on reviewing the technology (e.g. Clark, Çallı, & Çallı, 2014; Vanderploeg et al., 2016; Yap & Yeong, 2014) or further developing the technology (e.g. Petrick & Simpson, 2013) . Although the above studies have proposed some advantages and concerns of 3D-printed apparel and 3D-printers (e.g. Mau, 2013; Parker, 2016; Petrick & Simpson, 2013; Yap & Yeong, 2014) , no study has empirically investigated the advantages and concerns from consumers' perspectives. We are not sure how consumers perceive 3D-printed apparel and 3D-printers' advantages and concerns, whether the consumers perceived advantages or concerns match the proposed advantages and concerns, and whether consumers are interested in buying 3D-printed apparel and 3D-printers. Therefore, the purpose of the current study is to examine consumer perceptions of 3D-printed apparel and printers, in terms of three topics: (1) advantages, (2) concerns, and (3) purchase. This study will fulfil a literature gap by investigating consumer perceptions of 3D-printed apparel and printers. This knowledge will help businesses to understand consumers better and develop products better.
example, customisation, perfect fit, unique structure and patterns, cheaper, convenient, rapid prototyping, and less lead time (Mau, 2013; Parker, 2016; Vanderploeg et al., 2016) . Previous studies have also proposed that 3D-printed apparel is more sustainable than regular apparel (Vanderploeg et al., 2016) . First, 3D-printed garments have less waste raw material, because cutting fabric leads to leftover scrapes (Mau, 2013; Parker, 2016) . Second, 3D-printing is sustainable not only because it costs less resources, but also in the entire product life cycle, it costs less energy to produce, induces changes in labour structures, and generates shifts towards more digital and localised production and supply chains (Gebler, Schoot Uiterkamp, & Visser, 2014) . Thirdly, there are some Do it yourself (DIY) projects to use recycled plastic bottles (Harding, 2016) or recycled 3D-printed parts (Zwart, 2015) to print 3D-printed objects. However, no commercial equipment that can recycle plastic bottles or 3D-printed parts to filament is in the current market yet.
Previous studies have also proposed several concerns with 3D-printed apparel. Current 3D-printed materials are not comfortable and flexible enough for daily use (Yap & Yeong, 2014) . Ideal printing materials should be textile fibres (Rosenau & Wilson, 2014) , while wool printing material is still in an early development stage (e.g. Hudson, 2014) .
Similarly, previous studies have proposed several advantages of 3D-printers. 3D-printers free consumers form the constraints of traditional manufacturing (Petrick & Simpson, 2013) . Consumers can design and produce new products based on their expectations and demands from their home (Clark et al., 2014) . For consumers who lack the knowledge to design a product, co-design may be a good solution (Clark et al., 2014) . In addition, consumers can buy garment or jewellery designs from fashion brands, instead of the physical garments or jewellery, and print them at home (Yap & Yeong, 2014) . Consumers also can customise the designs based on their own body shape, measurements, and preferences (Yap & Yeong, 2014) . The ability to quickly produce a product at consumers' homes will have a tremendous impact on consumer lives and the apparel industry (Clark et al., 2014) . However, no studies have considered the possible concerns with 3D-printers yet.
Purchase of 3D-printed apparel and 3D-printers
Very few studies have investigated consumer purchase intentions of 3D-printed apparel. As a special type of apparel, 3D-printed apparel is expected to meet consumer needs of several common apparel attributes, such as thermal comfort, fit, ease of movement, expressiveness, and aesthetic (Lamb & Kallal, 1992) . In two quantitative studies, Perry (2016 Perry ( , 2017 identified several needs influencing purchasing intention for 3D-printed apparel: compatible with daily life, self-confidence in using, aesthetics, performance, technology optimism, ease of use, usefulness, and attitude. However, there were several limitations in the studies. First, consumers may have more needs that influence their purchase, the study failed to identify, for example, price, which is a significant consideration in consumption (Perry & Chung, 2016) . Second, the studies provided too general information to make changes to 3D-printed apparel. For example, what is self-confidence in using? Is it selfconfidence in wearing or caring? Without detailed information, product developers are unsure which direction to go. Therefore, an in-depth qualitative study should investigate 3D-printed apparel (Perry, 2016) . Similarly, no study has investigated consumers purchase intentions of 3D-printers until now.
Methods
Individual in-depth interviews, which can offer more detailed information about participants' concerns than other data collection methods, were used to gather qualitative data (Boyce & Neale, 2006) . A questionnaire, recruitment email, and flyer were created. An Institutional Review Board (IRB) approved this study. To make sure participants have a higher knowledge chance of 3D-printed apparel, recruitment emails, and flyers were sent and posted in local universities' 3D-printed centres (e.g. 3D-printed centres in art college, engineering buildings, design centres, and libraries), which have also opened for local residents.
Because 3D-printed apparel and 3D-printers were relatively new items for most consumers, recruitment of participants followed suggestions from a previous study: to gain better feedback from a new product that has not been widely commercialised, participants should have used, seen, or at least know the product (Perry, Malinin, Sanders, Li, & Leigh, 2017) . The study indicated that participants with knowledge of a product provided more informative feedbacks than participants who had no knowledge of the product . Therefore, respondents who have used, seen, or read articles about 3D-printed apparel and 3D-printers were selected for interview sections. In the interview sections, images of 3D-printed apparel (e.g. skirt, dresses, hats, masks, and shoes), a video about a 3D-printer printing an object, and several hard and soft 3D-printed accessories (e.g. necklaces, butterflies, and bracelets) were presented to each participant. Participants had a chance to try the accessories.
Similarly, the sample size was determined by previous studies' suggestions: the recruitment of participants was stopped after no new information emerged in the participants' interviews (Bowen, 2008) , which indicated a saturation data set for a qualitative study (Marshall, Cardon, Poddar, & Fontenot, 2013) . In addition, an interpretative phenomenological analysis (Smith & Osborne, 2008 ) was used to analyse data. For phenomenological analysis, the recommended participants' numbers are 6-8 (Kuzel, 1999 ) or 6-10 (Morse, 2000 . Furthermore, Guest, Bunce, and Johnson (2006) statistically demonstrated that 12 interview participants can generate a saturation data set. Therefore, the 13 participants in the current study was sufficient.
To investigate the advantages, concerns, and purchase of 3D-printed apparel and 3D-printers, interview questions were related to these three topics. The interviews ranged from 35 to 50 minutes. Most participants were white (n = 10) and female (n = 11). Their ages ranged from 20 to 58 years. Their education levels were bachelor (n = 3), master (n = 8), and doctor (n = 1). Eight of them were students, and five of them were non-students. Students majored in anthropology, engineering, design, and business. The non-student job roles included product assistant, online music editor, physics teacher, and director of a computer company. To keep confidentiality, each participant was assigned with a pseudonym, from participant 1 to 13 (pp. 1-13).
Phenomenological analysis was used to analyse the data (Smith & Osborne, 2008) . It allows researchers to look for emergent themes and identify analytical relationships among them (Smith & Osborne, 2008) . Two researchers evaluated and finalised emergent themes by using a back-and-forth process (Spiggle, 1994) .
Results
Before recruitment, all participants had a certain knowledge about 3D-printed apparel, including 3D-printers' work theory (n = 7), 3D-printed materials (n = 5), and the structure of the 3D-printed apparel (n = 3). Seven participants used 3D-printers and printed various apparel items, such as a brim of a hat, jewellery and other objects, such as toys and cups. One saw a real pair of 3D-printed shoes. The other five participants only saw 3D-printed apparel from the Internet or TV. In the interview process, all participants had seen the investigator prepared 3D-printed apparel images, a video about 3D-printing, and real examples of hard and soft accessories.
Advantages
Advantages was examined as the first topic. Participants believed 3D-printed apparel has several advantages, including customisation (n = 11) and customisation for special needs (n = 7), sustainability (n = 8), fit (n = 7), pleasing aesthetic (n = 6), self-expressiveness (n = 5), and cheapness (n = 2). Participants also believed convenience (n = 8), fast production (n = 6), and good for codesign (n = 9), consumers (n = 6), and small businesses (n = 5) were advantages of a 3D-printer.
3D-printed apparel advantages Customisation (n = 11) was perceived as the most important advantage of 3D-printed apparel. Consumers can create a product that they want to have and nobody has it. 3D-printed apparel can also be customised for special needs (n = 7). First, it can be customised for needs in specific situations, for example, back support that corrects posture and helps a person sit straight; lumbar support when driving for hours. Second, 3D-printed apparel may enter active-wear and help athletes to improve performance. For example, knee braces can be easily incorporated in other parts of the body by 3D-printed apparel. Third, 3D-printed apparel can meet disabled people's needs, such as in orthotic shaping and shoes' arch support. In addition, elimination of fit issues (n = 7), pleasing aesthetic (n = 6), and better self-expressiveness (n = 5) were another three important advantages. 3D-printed apparel can perfectly fit with various body types. It also can have unique fabrication, patterns, and geometric structures that cannot be created by traditional apparel methods. With the perfect fit and pleasing aesthetic, 3D-printed apparel may 'allow me to express myself better' (p. 7). Furthermore, 3D-printed apparel was also perceived as sustainable (n = 8). Traditional cutting of fabric leads to wasted scraps, while 3D-printed apparel does not need to cut and waste scraps. Some participants also believed that 3D-printed apparel's material might be re-useable. Finally, 3D-printed apparel may be cheaper than regular apparel (n = 2). After decreased production cost, the price of 3D-printed apparel would be more affordable. In addition, when consumers are able to 3D-print at home, the fuel cost of delivering the product would be saved.
3D-printer advantages
Convenient (n = 8) to produce prototypes and final products were perceived as advantages of 3D-printers. It 'would be really easy to have a prototype, to come up with an idea, print it out, make modifications, print it out again' (p. 13). Fast apparel production speed (n = 6) was also an advantage. Regular apparel production has a whole cycle, including planning, producing, runway shows, buyers come, delivery, selling, etc. While producing 3D-printed apparel would be much faster:
If you see something you like then you can go print it and the next day you are able to wear it. Just like eBooks. Right now you can deliver a book as soon as it's published, anybody in the world can download it, and you don't have to wait. (p. 8)
In addition, 3D-printers may offer opportunities for codesign between designers and consumers (n = 9). Consumers could bring an idea and designers make the idea become a garment. Consumers would also benefit from printing clothing (n = 6). With a 3D-printer at home, consumers only need to press a button 'and then have a shirt' (p. 12). For consumers who do not have 3D printers at home, they could go to a printing centre and 'pay a small fee' (p. 11) to print clothes. 3D-printers would also bring benefits to small businesses (n = 5). Small business owners can do the whole process, from ideas and sketches to finished products, by themselves.
Concerns
Concerns were examined as the second topic. Participants were worried that 3D-printed apparel would not be comfortable to wear (n = 11), not easy to move (n = 9), not durable to keep (n = 8), and not easy to care for (n = 5). In addition, they were also worried about it being too expensive (n = 9), not compatible with daily life (n = 7), and not sustainable (n = 9). Consumers also discussed their concerns about 3D-printers with the apparel industry: lose jobs (n = 9) and destroy the traditional selling and distribution systems (n = 5).
Concerns of 3D-printed apparel
Participants doubted 3D-printed apparel's comfort (n = 11) that related to breathability and wick ability. 'No one would want to wear like plastic pants' (p. 9). They were worried about if they can freely move around or sit down (n = 9) when they wear 3D-printed apparel. They also worried about whether the 3D-printed apparel is durable (n = 8) and whether it can withstand wear and tear and retain the original shape. They were also not sure how easy it is to care for (n = 5) and whether it is ease to wash and preserve. Furthermore, 3D-printed apparel were perceived as expensive (n = 9) and not compatible with daily life (n = 7). 'It would be really expensive at the beginning just because it's so new' (p. 9). And individually designing and printing 3D-printed apparel may be more expensive than mass production. A 3D-printed garment is also not suitable for daily life. 'On the runway it seems like something very cool and innovative' (p. 11), while on a daily basis, it 'does not seem practical to wear at all' (p. 10). In addition, 3D-printed apparel might not be sustainable (n = 9). First, the filament, which is 3D-printed material, might not biodegrade. Second, people might not properly dispose of 3D-printed apparel and just throw it in the trash. Third, fast fashion may go to another level after people own the power to print:
It could get out of hand and take fast fashion to a whole new level … someone is just printing a new outfit every single day, instead of cleaning their old ones or wearing their old ones. (p. 7)
Concerns of 3D-printers Participants had concerns about lost job issues. 3D-printers do not need a lot of labour to manufacture clothes (n = 9). Therefore, 3D-printing would take away many sweatshops and also many apparel jobs, such as 'patternmakers, sewers, packaging, finishing, hemming, and pressing' (p. 3). In addition, 3D-printing might also turn upside down apparel selling and distribution methods (n = 5). For example, selling physical products in stores might disappear because designs would be sold through the Internet; and the traditional inventory and transportation system would be replaced by virtual delivery. Although they had the above concerns, all participants (n = 13) held positive attitudes toward 3D-printers in that they may bring the above possible changes to apparel industry, because 'ultimately it would be a good thing' (p. 12).
Purchasing
The third topic examined purchase of 3D-printed apparel and 3D-printers. Participants discussed what type of 3D-printed apparel they want to buy, such as accessories (n = 10) or clothing items (n = 6). In addition, participants also discussed factors they considered in their purchase: cost (n = 13), aesthetic (n = 8), function (n = 7) such as comfort (n = 7), ease of movement (n = 7), fit (n = 3), durability (n = 7), compatibility (n = 5), care (n = 4), sustainability (n = 4), and expressiveness (n = 2). Finally, the majority of participants wanted to purchase 3D-printers to make clothes (n = 9) and open small businesses (n = 4), while a few of them (n = 4) were more interested in the co-design model rather than purchasing 3D-printers.
Purchase 3D-printed apparel Most participates were interested in purchasing 3D-printed accessories (n = 10), such as jewellery, sunglasses, eyewear, watches, headwear, scarves, bags, wristbands, and footwear. Some of them were interested in clothing items (n = 6), such as underwear, t-shirts, pants, dresses, complex coats, and other daily wears. While others were not sure whether they wanted to purchase 3D-printed clothing (n = 5) because they had never seen 3D-printed clothing in person and they would not make a decision until they had a try on experiences. Participants were more willing to accept an accessory, because it 'is a little less risk [y] and it is a low investment' (p. 5).
When asked about purchase requirements for 3D-printed apparel, all participants mentioned cost (n = 13). Their willingness to pay depended on the value of the product (e.g. has a major function or a unique design, is able to be worn every day, lasts a long time, fits well, and offers advantages over regular apparel). They would never pay for 'a pair of 3D-printed pants just because they were 3D printed' (p. 12). Furthermore, aesthetics (n = 8) was also a major consideration. However, aesthetics alone was not enough. Participants wanted 3D-printed garments to serve some sort of apparel function (n = 7), such as comfortable (n = 7), ease of movement (n = 7), and fit (n = 3): In addition, participants expected 3D-printed apparel would hold up as long as regular apparel and maintain the original shape (n = 7), be compatible with daily clothing (n = 5), and not cost too much effort to care for (n = 4). Finally, participants were willing to purchase 3D-printed apparel if it was sustainable (n = 4) (e.g. biodegradable or recyclable materials) and it expressed their personality well (n = 2).
Purchase 3D-printers
Most participants (n = 9) were interested in buying 3D-printers to design and print their own apparel, if the printer's price is affordable and the material is accessible. Some of them (n = 4) were interested in buying 3D-printers and creating their own small apparel business. Another four participants were not interested in purchasing 3D-printers, because they did not know how to make apparel patterns, they were not creative enough, and they 'would not print clothing every day' (p. 8). Therefore, they preferred the co-design model rather than to buy a 3D-printer.
Discussions and conclusions
Based on the research purposes, questions related to three topics (e.g. advantages, concerns, and purchase) were created. Sub-themes of each topics were identified. Information about 3D-printed apparel and 3D-printers were presented in two separated light shadow boxes (Figure 1) . In each light shadow box, relationships among advantages, concerns, and purchase to conclusions were identified.
3D-printed apparel: advantages and concerns purchasing
The first light shadow box was related to 3D-printed apparel (Figure 1 ). Three conclusions were identified from the inter-relationships between advantages, concerns, and purchase: (1) consumers were more willing to accept 3D-printed accessories than 3D-printed clothing, (2) some perceptions about 3D-printed apparel were different from previous studies' proposals, and (3) consumers do not perceive the advantages of 3D-printed apparel are the reasons for buying, but the disadvantages are the reasons for not buying.
3D-printed accessories were accepted higher than 3D-printed clothing Participants were more interested in 3D-printed accessories than garments. Participants explained the reason: 3D-printed accessories were cheaper and have less risky concerns than 3D-printed garments (e.g. comfort, ease of movement). Participants were willing to wear plastic bracelets, while they did not want to wear a pair of plastic pants. This result supported a previous study's conclusion that 3D-printed jewellery was accepted at a higher percentage than 3D-printed clothing (Yap & Yeong, 2014) . Five participants were not sure if they wanted to purchase 3D-printed clothing until they could physically see 3D-printed clothing and personally try it on. The result supported a previous study's suggestion that physically trying on a garment is a significant factor that influences purchase decisions (Lee, Kim, & Fiore, 2010) .
Consumer perceptions were different from previous studies' proposals Consistent with a previous study (Perry & Chung, 2016) , cost was the most important consideration of purchasing 3D-printed apparel (n = 13). Interestingly, cost was perceived as both an advantage (n = 2) and a concern (n = 9). Supporting previous studies' proposals (Mau, 2013; Parker, 2016) , two participants believed 3D-printed apparel would be cheaper than regular clothing, because less labour would be required and less fuel would be used for delivering; while nine participants believed 3D-printed apparel would be more expensive, because 3D-printing is a new technology and customised garments may cost more than buying mass produced garments. The results suggested that consumers' perceptions of 3D-printed apparel's cost were different from previous proposals (e.g. Mau, 2013; Parker, 2016) .
Four participants included sustainability in their purchasing requirements. Similarly, 3D-printed apparel was perceived as both sustainable (n = 8) and not sustainable (n = 9). 3D-printed apparel is sustainable because it has fewer raw materials and filament, and it may be recyclable. However, consumers may not dispose of 3D-printed apparel properly and filaments are not biodegradable. In addition, consumers may endlessly print apparel after they have the power to make clothing. In this case, unlike previous studies' conclusion that 3D-printing can solve fast fashion waste (Vanderploeg et al., 2016) , 3D-printing may take fast fashion to a new level. Again, consumers' perceptions of sustainability of 3D-printed apparel were different from previous proposals (e.g. Vanderploeg et al., 2016) .
Aesthetic, function, and expressiveness were also important (Lamb & Kallal, 1992) . Aesthetic was perceived as an advantages (n = 6). Most participants (n = 8) also considered aesthetic for purchasing. However, these two aesthetic perceptions were not the same. The former one means 3D-printed apparel can be as creative as possible in fashion show. The later one means daily life aesthetic. The discrepancy of the two perceptions were further supported by one concern: 3D-printed apparel was not compatible with daily lives (n = 7). It is cool on the runway but it is not practical to wear in daily life. Participants want to buy aesthetically pleasing clothing (n = 8) that is compatible with their daily lives and matches their existing clothing styles (n = 4). These results supported previous research's conclusion that compatibility and aesthetic were important factors influencing purchase decision of 3D-printed apparel (Perry, 2016) . However, only aesthetic was not enough. To convince participants to buy, 3D-printed apparel must have some functions (n = 7), for example, comfort (n = 7), ease of movement (n = 7), and fit (n = 3). Fit (n = 7) was perceived as an advantage, while comfort (n = 11) and ease of movement (n = 9) were perceived as the two most serious concerns. Therefore, comfort and ease of movement problems must be solved. However, 3D-printed materials are not close to a fabric-like comfort yet (Tarmy, 2016) . In addition, the expressiveness consideration, which was an advantage (n = 5), was also mentioned by participants as a purchasing requirement (n = 2).
Advantages were not the reasons for buying; disadvantages were the reasons for not buying Customisation was the most important advantage of 3D-printed apparel (Mau, 2013; Parker, 2016) . However, customisation was not mentioned once in making purchase decisions. Similarly, five participants believed self-expression was an advantage, while only two considered expressiveness in purchasing. In addition, seven participants believed fit was an advantage, while only three considered fit as a purchasing requirement. In contrast, all concerns about 3D-printed apparel were emphasised in purchasing decisions. The results suggested an interesting phenomenon: when participants described purchasing requirements of 3D-printed apparel, they ignored things they can have (advantages such as customisation) and emphasised things they may not have (concerns such as comfort and ease of movement). The reason might because comfort and ease of movement are more important than customisation and fit in clothing's wear-ability. Previous studies have expected that the advantages of 3D-printed apparel would be selling points (Mau, 2013; Parker, 2016) . However, consumers did not think the advantages of 3D-printed apparel are the reasons for buying; they believed the disadvantages are the reasons for not buying.
Customisation for special needs was perceived as an advantage of 3D-printed apparel (n = 7), while none of the participants considered it in purchasing. There might be several reasons. First, none of the participants have disabilities needs. Second, customisations for needs in a specific situation (e.g. back support) and performance active-wear might be perceived as functionality, and functionality was an important consideration in purchasing (n = 7).
3D-printers: advantages and concerns purchase
The second light shadow box was related to 3D-printers (Figure 1 ). Three conclusions were identified after examining the relationships among advantages, concerns, and purchase: (1) participants' perceived advantages were mostly consistent with previous studies' proposals, (2) participants' perceptions mostly were advantages, and (3) advantages lead to purchase intentions.
Participants perceived 3D-printers advantages were mostly consistent with previous studies (e.g. Clark et al., 2014; Tarmy, 2016) and they believed 3D-printers would bring advantages to consumers, small business, and co-design. Consumers would benefit from 3D-printing, in terms of convenience, fast production (Clark et al., 2014; Yap & Yeong, 2014) , and apparel product advantages (e.g. customisations, fit, and self-expression). Small businesses would have an advantage to produce small quantity products because of less labour, less cost, fast production, and convenience to produce. Collaborative co-design would help consumers who do not have design skills (Clark et al., 2014) .
In addition, consumers mostly perceived advantages with 3D-printers. Convenience and fast production were two important advantages (Mau, 2013; Yap & Yeong, 2014) . Although participants had concerns about lost job issues and destroying traditional selling and distribution systems, they believed 3D-printers ultimately would be good things and all of them held positive attitudes toward the 3D-printer.
Furthermore, advantages lead to purchase intentions of 3D-printers. Nine participants understanding the advantages of 3D-printers (e.g. convenience, fast production) and 3D-printed apparel (e.g. customisations, fit, and self-expression) wanted to buy 3D-printers to make their own clothing at home. Realising 3D-printer's advantages for small businesses, four participants planned to buy 3D-printers and create their own small apparel businesses. However, because of their lack of design skills, another four participants preferred to co-design rather than buy 3D-printers for their home.
Implications, limitations, and future studies
This study contributes to apparel businesses to help them develop better 3D-printed apparel. Because advantages of 3D-printed apparel were not the reasons to buy, but disadvantages were the reason to not buy, product developers should fix the disadvantages (e.g. comfort, ease of movement, cost, durability, compatibility, and care). For example, consumers can re-melt wasted materials and re-fill them into their 3D-printer at home, or consumers can go to 3D-printing self-service facilities to re-melt old 3D-printed products to filament. At the same time, consumers should be educated to take responsibility and learn appropriate ways to dispose of 3D-printed apparel.
This study also has several limitations. The limited sample size restricted the possibility to notice differences between genders or ages. Future studies should use a larger sample size to investigate consumer perceptions of 3D-printed apparel based on their demographics. In addition, the participants in the current study were purposefully selected: they had used, saw, or read articles about 3D-printed apparel and 3D-printers, and they may not represent the general public. However, unlike quantitative research, which requires random selection of participants to ensure generalisability of results, qualitative research purposefully selects participants who can best inform the research questions and give feedback about the study phenomenon (Sargeant, 2012) . Furthermore, most participants in the current study have a high education level and they were not representative of the general public, either. Finally, because 3D-printed apparel has not yet been widely marketed (Perry, 2016) , none of the participants had really tried on 3D-printed garments. Future studies should provide 3D-printed garments to participants before conducting research.
